Purpose: Electroencephalography (EEG) is frequently ordered for patients with febrile seizures despite its unclear diagnostic value. We evaluated the prevalence of abnormal EEGs, the association between clinical findings and abnormal EEGs, and the predictive value of EEG for the recurrence of febrile seizures Methods: Data were collected on 230 children who were treated for febrile seizures at Kyung Hee University Medical Center from 2005 to 2009. EEGs were recorded after 1-2 days of hospitalization when children became afebrile. EEG patterns were categorized as normal, epileptiform, or nonspecific relative to abnormalities. The patients' medical records were reviewed, and telephone interviews with the families of the children were conducted to inquire about seizure recurrence. The relationships between clinical variables, including seizure recurrence, and EEG abnormalities were evaluated. Results: Of the 131 children included, 103 had simple and 28 had complex febrile seizures. EEG abnormalities were found in 41 children (31%). EEG abnormalities were more common in children with complex than simple febrile seizures (43% vs. 28%), but the difference was not statistically significant. Logistical regression analysis showed that having multiple seizures in a 24-hour period was significantly predictive of abnormal EEG (odds ratio, 2.98; 95% confidence interval, 1.0 to 88; P =0.048). The frequency of recurrence did not differ significantly in the normal (31%) and abnormal (23%) EEG groups. Conclusion: Multiple seizures within 24 hours were predictive of abnormal EEG in children with febrile seizures. Abnormal EEG was not predictive of febrile seizure recurrence.
Introduction
Febrile seizures (FS) are the most common convulsive events in children less than 5 years old, with an incidence of 2-5% 1, 2) . Simple febrile seizures (SFS) are defined as primary generalized seizures lasting for less than 15 minutes without recurrence within 24 hours, whereas complex febrile seizures (CFS) are defined as focal, prolonged (>15 minutes) or recurrent within 24 hours. In general, FS are benign, with most children demonstrating complete recovery without any neurological complications, whereas CFS is associated with an increased risk of epilepsy (4.1%) in later years 2) . Predicting FS recurrence, as well as the development of epilepsy, is an important issue for clinicians.
According to American Academy of Pediatrics guidelines, electroencephalography (EEG) is not indicated after SFS in healthy children 3) . Previous studies have reported that EEG is of limited value in the evaluation of children with FS 4, 5) . The reported incidence of EEG abnormalities in children with FS varies from 2% to 86% 6, 7) . Although EEG abnormalities may be present in children with FS, their clinical significance is unclear. Furthermore, there is no consensus that EEG findings can be used to predict FS recurrence or epilepsy development. To clarify the relationship between EEG findings and FS, we assessed the prevalence of abnormal EEG findings in patients with SFS and CFS. We also evaluated the ability of clinical variables to predict abnormal EEG in children with FS, and whether abnormal EEG was a predictor of FS recurrence.
Materials and methods
We retrospectively reviewed the clinical records of 230 children diagnosed with FS from September 2005 to July 2009 in the Department of Pediatrics at Kyung Hee University Medical Center. FS was defined as a seizure associated with body temperature ≥38℃ in the absence of central nervous system infection. Medical records were reviewed and telephone interviews were conducted with families of these children to inquire about seizure recurrence. Of these 230 patients, 193 neurologically normal patients had an EEG after FS; but 62 were excluded after failure of telephone contact. Thus, 131 patients were included in this study (Fig. 1 ). Children were diagnosed with CFS if they had experienced prolonged (>15 minutes in duration), focal, or repetitive (more than one seizure within 24 hours) seizures 8) . Patients with previous afebrile seizures, and those with acute or remote neurologic insults, were excluded.
All children with FS were hospitalized, with EEGs performed 1-2 days later, after they became afebrile; depending on individual circumstances, some patients underwent EEGs after discharge. Each EEG was interpreted independently by two pediatric neurologists. EEG findings were classified as normal, epileptiform, or nonspecific with regard to abnormalities. Paroxysms of spikes and spike-wave complexes, whether focal or generalized, were interpreted as epileptiform abnormalities ( Fig.  2A) . Nonspecific abnormalities included focal or generalized slow waves (Fig. 2B, C) , generalized spike and waves (Fig. 2D) , abnormal theta rhythms (Fig. 2E) , and asymmetric backgrounds.
Groups were compared statistically using the chi-square test. All statistical analyses were performed using SPSS ver.12.0 (SPSS Inc., Chicago, IL, USA). A P value less than 0.05 was considered statistically significant.
Results
A total of 193 children met the inclusion criteria and underwent EEG. Of these, 131, including 78 males (59.5%) and 53 females (40.5%), were contacted by telephone. Mean patient age was 28.1±17.5 months, with 95 (73%) aged <36 months. The incident FS was the first in 91 children (69.5%), the second in 22 (16.8%), and the third or more in 18 (13.7%). Of these 131 patients, 103 (78.6%) were diagnosed with SFS and 28 (21.4%) with CFS. Clinical profiles of the 131 children are shown in Table 1. EEG recordings were performed an average 3.0±1.8 days after the FS and a mean 71.5 hours after the fever subsided. Initial EEGs were performed within 6 days after FS in 123 of the 131 children (94%). Background slowing were found in 34 (28%) in EEGs performed within 6 days, 1 (13%) in EEGs performed after 7 days. And epileptiform discharges were found in 5 (4%) in EEGs performed within 6 days, 1 (13%) in EEGs performed after 7 days. But the differences were not statistically significant (Table  2) . EEG abnormalities were found in 41 children (31%), including 29 with SFS (28%) and 12 with CFS (43%). The most common EEG abnormalities were generalized slow waves, observed in 13 SFS (13%) and 6 CFS (21%) patients. Epileptiform discharges were observed in 6 children (5%), including 4 with SFS and 2 with CFS (Table 3) . None of these differences between the SFS and CFS groups was statistically significant.
Clinical profiles of the normal and abnormal EEG groups with FS are shown in Table 4 Seizure recurrences were observed in 28 of the 90 patients in the normal EEG group (31%) and in 7 of 31 in the abnormal EEG group (23%). Among the latter, 3 had epileptiform discharges and 4 had nonspecific abnormalities (Table 5) .
Epileptiform abnormalities on EEG were seen in one of five 
Discussion
Febrile seizures are benign in children and are usually associated with good prognosis. In general, an EEG is not recommended in the routine evaluation of a healthy child with SFS 3) . Despite a lack of convincing evidence regarding its benefit, EEGs are often performed by clinicians to evaluate FS, most often because of parental demand or to predict FS recurrence or epilepsy. The incidence of EEG abnormalities in children with FS has been reported to vary widely, from 2% to 86% 9, 10) . This variability may be due to different definitions of EEG abnormalities, subject selection, and postseizure timing of the EEG. Because CFS is associated with increased risk of development of subsequent epilepsy, EEGs tend to be ordered more in these patients than in those with SFS. However, it is unclear whether EEG is sensitive enough to distinguish SFS from CFS. Although higher rates of paroxysmal discharges have been reported in children with CFS 11) , other studies have reported similar rates of paroxysmal abnormalities on immediate postictal EEGs of patients with SFS and CFS 12, 13) . In our study, EEG abnormalities were found in 41 children (31%), 29 of 103 (28%) with SFS and 12 of 28 (43%) with CFS. Although the percentage of children with EEG abnormalities was slightly higher in the CFS group, the difference was not statistically significant. EEG abnormalities in FS may depend on the timing of the EEG relative to the seizure. Epileptiform discharges are rarely reported and slowing is more prevalent within the first 7 days after FS [14] [15] [16] . For example, none of 33 patients with CFS showed evidence of paroxysmal abnormalities on EEG within one week after FS, whereas the true rate of abnormalities on early postictal EEGs in patients who have experienced CFS was calculated to be ≤8.6% 15) . Similarly, only 22.5% of EEG abnormalities were 
Values are presented as number (%). FS, febrile seizures.
observed within 6 days of CFS, whereas EEGs performed 10 days after seizure were more likely to predict the development of epilepsy 17) . Of our 131 patients, 123 were evaluated by EEG within 6 days of seizure. The prevalence of background slowing was higher in EEGs performed earlier, and epileptiform discharges were more prevalent in EEGs performed after 7 days. Although the differences were not statistically significant, due to the small number of patients, these findings suggest that EEGs performed within 6 days reflect a postictal slowing effect after seizures.
We also investigated whether clinical variables are associated with abnormal EEGs in children with FS. We found that seizure type, age at onset, family history of FS, previous seizure, seizure duration, and seizure clustering did not differ between children with normal and abnormal EEGs, multiple logistic regression analysis found that multiple seizures within 24 hours were associated with EEG abnormalities. These findings differ somewhat from those of previous reports. For example, in children with CFS, the absence of family history of FS, age >3 years, and timing of the recording from ictus within 7 days were significantly associated with the likelihood of EEG abnormalities 9) . Similarly, in a study of 676 children with FS, focal seizures and seizures lasting >15 minutes were associated with abnormal EEG 16) . In addition, the number of previous FS and increased age at EEG were related to likelihood of paroxysmal EEG abnormalities. The discrepancies between these results and ours may be due to differences in timing of EEG and differences in patient selection. For example, in one study 9) , 66 children had EEGs within 7 days after seizures, whereas all patients in the other study 16) had EEGs after 7 days. Considering the early timing of EEG in our study, the association between multiple seizures and EEG abnormalities was likely due to pronounced postictal effects in the patients. FS recurrence is an important issue for parents and clinicians because it is a very frightening experience. Early age at onset, family history of FS and low temperature at the time of FS were reported predictors of FS recurrence 18) . A prospective study found that younger age at onset, recurrence within the same illness, frequent febrile episodes and maternal preponderance were significant prognostic markers for first FS recurrence 19) . However, the ability of EEG to predict FS recurrence or unprovoked seizures is likely low. For example, postictal EEG did not add useful information on the likelihood of FS recurrence 20) , and a study in 1991 found that EEGs in children with FS did not predict the later occurrence of febrile or afebrile seizures 5) . Despite not being practically useful, EEGs are frequently performed in children with FS. Although we found that a higher percentage of children with epileptiform discharges than those with normal EEGs experienced recurrent FS (50% vs. 31%), the difference was not statistically significant, likely because of the small number of patients. Nevertheless, our findings support previous results showing that EEGs in children with FS are generally not predictive of recurrence.
EEGs, however, may be useful in predicting subsequent epilepsy in some patients. A recent study found that focal epileptiform discharges were significantly more frequent in CSF patients who did than did not develop epilepsy (OR, 5.15) 21) .
In addition, the risk of subsequent epilepsy was found to be higher (OR, 27.0) in 9 of 119 patients with CSF and frontal EEG paroxysms 22) . Prospective studies are therefore needed to assess the usefulness of EEGs in children with FS.
This study had several limitations, including its retrospective nature, the small patient sample size, and the early timing of EEG after FS. In real clinical practice, however, it is difficult to perform EEG after 10-14 days, when most patients have been discharged. We attempted to evaluate the clinical significance of early postictal EEGs performed in a real clinical setting.
In summary, we found that 31% of children with FS had EEG abnormalities, but the prevalence of these abnormalities did not differ significantly in groups of patients with SFS and CFS. Multiple seizures within 24 hours were associated with abnormal EEGs, but abnormal EEGs were not associated with FS recurrence.
These findings suggest that early postictal EEGs are of little predictive value in determining the risk of FS recurrence. Postictal slowing may have influenced our results because there was too little time for patients to manifest significant EEG findings given our study design. Therefore, we recommend that followup EEGs be performed in patients with early postictal EEG abnormalities.
